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INTRODUCTION 
In response to overwhelming data in support of 
climate change,1 ecologists have asked how a 
changing climate may affect the breeding behavior 
of organisms. A wide body of research supports the 
hypothesis that organisms time their breeding 
behavior with photoperiod, as well as weather, food 
availability, and the presence of predators or 
competitors.2,3 However, few studies have examined 
these changes in North American bird species. 
 
Members of our team have been studying a 
population of Dark-eyed juncos (J. hyemalis) 
breeding in the Appalachian mountains for 28 
years.4,5 Using data from this long term dataset, we 
compared the date female juncos lay their first egg 
each spring (egg one dates) to changes in air 
temperature during the pre-breeding and the early 
breeding season. Specifically, we asked: 
 
1. Is the climate changing, and if so, how? 
2. Are juncos breeding earlier over time? Can 
changes in temperature explain shifts in 
breeding phenology? 
 
METHODS 
• Obtained egg one dates from our long term dataset 
(1983 to 2010)  
• Obtained minimum and average temperatures from 
the online NOAA database, focusing on March, April, 
and May. 
• Only the first nest of the year for each female was 
used in the analysis. 
CONCLUSIONS 
• Juncos at Mountain Lake, VA 
are breeding earlier over time.  
• Warmer April temperatures 
appear to be a contributing 
factor.  
• Delayed breeding dates in 
colder-than-normal recent years 
suggest behavioral plasticity. 
  
FUTURE DIRECTIONS 
1. Is the climate becoming more 
volatile? 
2. Do fall temperatures affect 
breeding phenology and 
population recruitment in the 
following spring? 
3. How does climate change affect 
offspring or adult survival? 
4. Is this an example of evolution 
or behavioral plasticity? 
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Juncos are breeding significantly earlier in the spring 
March temperatures are decreasing significantly, April temperatures are increasing significantly, and 
May temperatures are relatively stable over time. The temperature shifts roughly 1ƒC every 5-14 years.  
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Egg one dates for first nests have advanced from an average of Day 145 (May 25) to Day 134 (May 14), 
a change in approximately 11 days from 1983-2010. 
March 
p = 0.0056 
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Multiple regression:  
Whole model R2 = 0.45, n = 26, p = 0.0004 
Year: t = - 3.23, p = 0.0037 
April Average Temperature: t = -2.09, p = 0.048. 
 
Neither March or May temperature predicts  
Egg One Date: all p > 0.39 
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Breeding dates advance roughly 
one day for every ½ degree 
change in April temperature. 
p = 0.048 
Dramatic changes in daily temperature in the last 30 yrs 
April temperatures strongly predict  
breeding date, independently of year. 
